INTRODUCTION
Resource exploitation, climate change, habitat modification, and pollution have there is a lack of large-scale studies describing biodiversity and assemblage structure in relation to the habitat composition.
Here we describe the biodiversity and community structure of demersal fish assemblages and their habitat along the northeast Brazilian coast by combining bottom trawl data and underwater footages. Overall, this study fills the current gap of knowledge in the area providing a relevant contribution for effective conservation and management of marine resources.
MATERIAL AND METHODS

Study area
The study area ( 
Sampling and sample processing
Data were collected during the Acoustics along the BRAzilian COaSt (ABRACOS) surveys, carried out on 30 August -20 September 2015 and 9 April -9 May 2017, on board the French R/V ANTEA. Sampling was conducted using a bottom trawl (body mesh: 40 mm, cod-end mesh: 25mm, entrance dimensions horizontal x vertical: 28 x10 m) at 35 stations (Figure1). Hauls were performed between 10 and 60 m of depth, for about 5 minutes at 3.2 kt. Tow duration was considered as the moment of the arrival of the net on the pre-set depth to the lift-off time, recorded by means of a SCANMAR system. The net geometry has also been monitored using SCANMAR sensors, to give headline height, depth, and distance of wings and doors to ensure the net was fishing correctly. To reduce impacts on benthic habitat and to avoid net damage, the bottom trawl net was adapted in the second cruise, where bobbins where added to the ground rope.
Sampled habitats and geographic areas were similar between surveys, except for the very north oriented coastal area of Rio Grande do Norte which was sampled only during the second cruise. To test for possible changes in gear selectivity among surveys, we compared the size of individuals caught in both surveys. The test was significant, but results did not show important differences (Supplementary Material 1) . In addition, we performed a non-parametric permutation procedure ANOSIM (Analysis of Similarity) based on a Bray-Curtis similarity resemblance matrix to test for possible assemblage changes among surveys due to gear adaptation and/or seasonal changes (Clarke et al. 1994 ). A significant difference was found (R=0.073, p<0.05) but the explained variance was too low for any robust conclusion. Indeed, differences could be due to a survey effect (gear or season) but also to stochastic differences due to unlike sampling locations among surveys. We therefore acknowledge for potential limitation, but we combined both surveys in further analyses to propose a more comprehensive vision of the distribution of fish assemblage.
Temperature, salinity, and oxygen profiles were collected for each haul using a CTD (model: SeaBird911). To classify bottom habitat, a video footage was achieved through an underwater camera (GOPRO HERO 3) fitted on the upper part of the mouth of the net. In laboratory, a detailed video analysis was undertaken, where all major habitats were identified. Based on this frame by frame analyses combined with an adaptation of the methodology from Monaco et al. (2012), we were able to consistently identify 3 major types of habitat: (i) Sand with rocks, coralline formations and sponges (SWCR) -primarily sand bottom with 10% or greater distribution of biogenic rocks, corals, calcareous algae and sponges; (ii) Sand -coarse sediment typically found in areas exposed to currents or wave energy; and (iii) Algae -substrates with 10% or greater distribution of any combination of numerous species of leafy red, green or brown algae (Figure 2 ). After identifying the major habitats, a photo data library with habitats was created to ensure consistency in the video classification process. For each haul, fish were identified, counted, weighed on a motion-compensating scale (to the nearest 0.1 kg), and preserved with a solution of 4% formalin in seawater or by freezing until processing.
Data analyses
Fish fauna biodiversity and community descriptors
The relative indexes of density and biomass (catch per unit of effort -CPUE) were calculated considering the number of individuals and the weight of fish caught per trawled area (ind.km -2 -kg.km -2 ). The trawled area was estimated by multiplying the distance covered by the net through the bottom (in m) with the estimated gear mouth opening obtained through the SCANMAR sensors. In six trawls the SCANMAR system was not operative and the average mouth opening (13 m) was utilized. To investigate the community structure, we performed a Bray-Curtis similarity resemblance matrix, which was used to perform an unweighted arithmetic complete clustering analysis. The non-parametric permutation procedure ANOSIM (Analysis of Similarity) was applied to test for differences among habitat types and depth ranges (intervals of 10 m) (Clarke et al. 1994 ). To reduce bias in these analyses, species data were log-transformed (log (x + 1)), and infrequent species (those representing <0.1% of abundance) were not considered. As we tested differences among habitats, hauls where the habitat type was classified as unknown were removed from the analysis. The similarity percentage routine (SIMPER) was applied to determine the species contribution to the similarity within a group of sampled sites and the dissimilarity between groups.
The set of species that cumulatively contributed to over 70% to the similarity were classed as consolidating, and the set of species contributing to over 70% of dissimilarity between groups were classified as discriminating (Gregory et al., 2016).
Diversity was assessed based on six indices calculated for each haul and by assemblages identified in cluster analyses ( 
) is the total number of individuals in the sample, (= ) is the proportion of all individuals belonging to species i, ωij is the taxonomic path length between species i and j, fij is the functional dissimilarity between species i and j.
To test for differences among assemblages and latitude strata values of biodiversity indices, the Kruskal-wallis nonparametric test were applied (P< 0.05). All the statistical analyses and diversity indices mentioned above were performed using the 
RESULTS
The thirty-five hauls performed along the Northeast Brazilian continental shelf 
N2
Reciprocal of Simpson, which is the probability that two individuals drawn at random from an infinite community belong to the same species 
Taxonomic distance expected between two individuals randomly selected, considering that they belong to different species
Warwick and
Clark (1995) varied from 36.4 to 37.5 (mean equals 36.9) and 4 mg.l -1 to 4.4 mg.l -1 (mean equals 4.2 mg.l -1 ), respectively.
In total, 7,235 individuals (830 kg), distributed in 24 orders, 49 families, and 120 species were collected. The order with the highest number of taxa was Perciforms (10 families, 36 species; 60% of total individuals caught); followed by Tetraodontiformes (5 families, 18 species; 14% of total individuals caught) ( Table 2 ). The families with the highest %N were Haemulidae (3,052 individuals; 41%); Mullidae (527 individuals; 7%), Holocentridae (446 individuals; 6%), Gerreidae (393 individuals; 5%) and Diodontidae (368 individuals; 5%) ( Table 2 ). The five most representative families in %W were
Haemulidae ( were present and classified as higher abundant and frequent in almost all study area, being characterized, therefore, as important components of the demersal ichthyofauna assemblage in Northeast Brazil (Table 2) .
Within the assemblage, according to the Brazilian IUCN Red List classification, three species were classified as Vulnerable (VU) (Sparisoma axillare, Sparisoma frondosum and Mycteroperca bonaci), 9 species as Near Threatened, 92 species as Least Concern (LC), 17 as Data deficient (DD) and two as Not Evaluated (NE) ( Table 2 ). All species VU were also classified as scarce and rare. Table 2 -List of species, number of individuals (n), relative importance index (4 scarce and rare; 3 scarce and frequent; 2 higher abundant and rare; 1 higher abundant and Eucinostomus gula and Lutjanus synagris cumulatively contributed to the highest 25 contribution (36.6%). Assemblage D was composed by 9 consolidating species, with 26
Acanthostracion polygonius, Diodon holocanthus, Acanthostracion quadricornis and 27
Hypanus marianae showing the highest contribution (48 %). 28
The dissimilarity levels between the assemblages were much higher than the 29 within-assemblage similarity, ranging from 71.9% (B-C) to 81.9% (D-A) (Table 4) . 30
Discriminating species (those cumulatively contributing to over 70% of the dissimilarity) 31 were more numerous than the consolidating species within assemblages, ranging from 18 32 to 29 species. Dissimilarities between assemblages B-A, D-A and A-C were primarily a 33 result of species that were absent (e.g. Eucinostomus argenteus, Eucinostomus Gula, 34
Lutjanus synagris and Diodon holocanthus) from one or other of the assemblages. 
Pernambuco (PE) (8°S -9°S) (p<0.05). Stations with comparatively low values of richness 64
were observed along the entire study area. However, the state of Rio Grande do Norte 65 The major factors structuring assemblages were habitat type and depth strata. Despite 155 the distinctive influence of habitat, the assemblages C and D were related to more than one 156 habitat type. It may be explained by the great mobility and feeding behavior of many species 157 found in this study (e.g. L. synagris, P. maculatus and H. plumierii) that may move between 158 habitats according to their use for food and shelter (Mora, 2015) . In addition, the similarity 159 percentage procedure (SIMPER) revealed that many species are usually present in more than 160 one habitat type. 
CONCLUSION 170
Our results may be hampered by gear selectivity and by the sampling spatial extent. We 171 do not propose an exhaustive inventory of demersal fish assemblages in the northeast Brazilian 172 coast, but our results provide valuable information on tropical fish fauna distribution in this 173 area, and relationships with habitat characteristics. These findings are useful for conservation 174 purposes. Indeed, we identified the presence of numerous sensitive and commercial species 175 deserving special attention from stakeholders since they are currently categorized within risk 176 categories by IUCN or Data Deficient. These species are mainly associated with the habitat 177 SWCR, which also holds the highest number of species classified as scarce/rare and the greatest 178 values of biodiversity. We also highlight the importance of the deepest coastal shelf 179 environments (30-60 m) as areas of high fish densities and diversity. 
